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According to Soviet and American data, subsequent to
flights the most clearly expressed changes are in the cardio-
vascular system. Such changes are noted after both brief (N.
M. Sisakyan, P. V. Buinov, et al, 1966) and particularly
prolonged flights, when on the first day after return to earth
collaptold states may develop when orthostatic tests are made
(Lietlein, Judy, 1966). However, under flight conditions and
with a relative rest after the flights, using these methods 1t
was impossible to detect significant changes or these changes,
except for clearly expressed stressed states, were relatively
small and not clearly expressed (0. G. Gazenko, 196L; R. M.
Eayevsxiy and O. G. Cazenko, 196l;; N. M. Sisakyan, 1965; M. M.
Link, 1965; Berry, et al, 1966).

Taking into account the great importance of ths normal
functioning of the cardiovascular system for maintaining a
good overall feeling of well-being and a high work capacilty
in man, and also the prospects for prolonged space expeditions
and the impossibility of an immediate return of the cosmo-
nauts to earth, it is desirable to introduce into such /2
flights more perfect methods for determining the functional
state and the physical reserves of a cosmonaut. Ground experi-
ments and flights of space crews reveal the reality of -=uch
proposals. The difficulties in implementing them are ecsen-
tially of a practical nature, but the vigorous development
and improvement of methods (L. 3. Andreyev, 1961; V. I. Bol'-
shov and V. I. Smirnov, 1965; 4. I. Zoloterev, 1967), as well
as increasing technical capabilities (R. . Bayevskiy, et al,
1963; Lincoln, Mangeladorf, 1966; A. N. Lebedev), are
aging. '
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A mors complex problem is the choice of the methods and
the most adequate space flight conditions becausc the experi-
ments made on the ground give only some idea concerning the
changes which may arise in the human body in space. A critical
analysis of the methods used in space flights indicates the
need for future registry of such indices as the electrocardio-
gram, phonocardiogram and seismocardiogram. The combination of
these methods makes it possible to evaluate the state of func-
tions of automatism, excitability and conductivity of the car-
diac rmuscle and also the contractability of the myocardiumn.
Deteriiination of the duration of the individual phases of the
cardiac cycle, the relation between the onset and end of the
electrical and mechanical systole, and the amplitude of the
cardiac tones may be used in a study of intracardiac hemody-
namics and the determination of asynchronism in the oper- /3
ation of the right and left sides of the heart.

Methods for investigation of peripheral blood circulation
apparently will be of great importance in the future study of
cosmonauts aboard a spaceship. Successful attempts now have
been made to measure arterial blood pressure on the "Voskhogd"
and "Cemini" spaceships. Being a logical continuation of the
earlier initiated study of the cardiovascular system in space
flight, measurement of arterial pressure to a considerable de-
gree willl broaden our ideas concerning the character and mech-
anisms of development of different changes in hemodynamics.

We made comparative evaluations of different methods for
the investigation of arterial pressure. Unfortunately, it must
be stated that all indirect methods, involving the cyclic
feeding of air into a cuff, may be incapable of reflecting
shades of change of pressure under such dyvnamic conditions as
space flight. In order to measure arterial -pressure aboard a
spaceship it apparently will be worthwhile to develcp special
servosystems,

Many authors have mentioned the good prospects for using
electroplethysmography during flights (R. M. Bayevskiy, 1965;
Eerry, 196L, and others). Obviocusly, it will be most effective
to use electroplethysmograms for study of cerebral blood cir-
culation, but valuable information also can be obtained in a
study of blood flow in the extremities. yn

The ability to make periodic medical examinations of cog-
monauts during flight will make it possible for them to be

free of an excessive number of transducers and at the same
time will make it possible to carry out a detailed study of
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different systems or organs. For this purpose it is deemed
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promising to develop multipurpose apparatus with sets of




transcducers for different measurements which will be carried
aboard the ship and put on by the cosmonaut himself. The pro-
gram for study of the cardiovascular system must provide for
the registry of such indices as arterial pressure, the elec-
trocardiogram, phono- and seismocardiogram, kinetocardiogram,
sphygmogram of the arteries of the elastic and muscular types,
electroplethysmogram, and also, obviously, the parameters of
metabolism and body temperature.

Methods for in-flight investigation of the minute volume
of blood circulation, rate of tlood flow, etc., are attractive
but questionable due to their complexity and the unwieldiness
involved.

The information to be gained in & complex examination
may be illustrated using the example of study of the cardio-
vascular system when there is stimulation of the human ves-
titular apparstus.

Fig. 1 shows that in subject A with a clearly expressed
vestibular-autonomic complex of symptoms there were consider-
able changes of the systolic and minute volumes of the blood
(SV and MV) and peripheral vasculer resistance (PR), as well
as the rate of propagation of the pulse wave through the ves-
sels of the elastic type and arterial pressure (AP). In sub-
jeet B, who manifested no vestitular-autonomic complex of symp-
toms, the hemodynamic indices experienced some fluctuations,
but there was no definite direction of the changes. Also of
interest are the changes of the hemodyrnamic indices of the
third subject (Fig. 2). At the onset he experienced the same
hemodynamic changes as in subject B, but then sirmltaneously
with an attenuation of the hemodynamic changes the vestibular-
autonomic complex of symptoms also disappeared.

As space flights continue and interplanetary expeditions
are organized the need will arise for solving a number of pure-
ly clinical problems associated with the need for an early
diagnosis and treatment of i1llnesses, including disorders of
the cardiovascular system.

Since the reactivity of the body may change considerably
under the influence of unfavorable space flight factors (dura-
tion of isolation, hypodynanmia, etc.?, the symptoms of ill-
nesses probably will lose some important distinguishing char-
acteristics.

In this situation an electrocardiograpnic examination
(possibility of impairment of coronary blood circulation) may
have to be supplemented by a number of additional investiga-



tions. For example, 1t may be necessary to determine the anti-
coagulation possibilities of the blood. Such methods ss cap-
illarioscopy, study of the pattern of the ocular fundus, etc.,
may prove very useful in detecting vascular neurosis.

functional tests will be of great importance in a study
of the cardlovascular system. We used tests with a carefully
measured physical load and Valsalva's test. The first test is
a load primarily for the greater circulatory system and the
second primarily for the lesser circulatory cystem. The re-
sults give hope that the tests will be informative under space
flight conditions as well.

In addition to the use of functional tests these investi-
gations obviously are made in combination with others, and in
particular, together with investigations of the functions of
the central nervous system and work capaclty. It also is neces-
sary to make investigations using a complex method in relation
to a dally regime, the work and rest schedule.

The implementation of these studlies may serve as a basgis
for accomplishing automatic checking of the condition of cos-
monauts in flight with the processing and evaluation of the
registered parameters aboard the ship using a computer with
the subsequent printcut of conclusions and recommendations on
the control panel in front of the cosmonaut on duty and per-
iodic relaying of information on the condition of the crew to
ground stat ions.

These measures apparently will be necessary in order to
ensure the safety of space expeditions on long flights of
great duration when ground methods ror processing medical data
will be unsuitable due to the difficulty of contact with the
earth and the need for the crew to make immediate decisions7
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In developing diagnostic symptom complexes there inevit-
ably will be difficulties due to the limited volume of flight
data and due to the difference of methodological procedures
and the characteristics of the sensors. For this reason it
probably wlll be desirable to standardize the research methods
used and the methods employed for processing information, as
well as the transducers and instruments. Standardization also:
would assist in the more extensive use of the methods of space
medicine in clinical practice, which in turn would be an ad-
ditional check on their effectiveness. /8
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FIGURE CAPTIONS

Indices of hemodynamics for subjects A and B. With

Fig. 1.

cumulative effect of Coriolis force: along horizontal axis --
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Fig. 2. Indices of liemodynamlcs in subject C with cumulative
Notations same as in Fig. 1.

effect of Coriolis force.



